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(57) A medical probe having electrical contacts (4) 
on a surface and shaped to ensure that a sheath (1 ) 
takes up a suitable orientation when mated with the 
probe wherein said electrical contacts (4) on the surface 
of the probe line up with corresponding contacts (3) on 
the inside of the sheath (1 ). 
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Description 

Field of the Invention 

[0001] This invention is a sheath intended for the rec- 
ognition of tissue types and in particular for the detection 
of cervical pre-cancer and cancer for use with a probe 
that performs both optical and electrical measurements 
while it is scanned over the surface of tissue, e.g. the 
cervix, and from these measurements makes a diagno- 
sis of the health of the tissue. 

Background of the Invention 

[0002] The medical profession often needs to have an 
objective assessment of the health of the tissue of a pa- 
tient. The patient may have suffered tissue damage as 
a result of accidental or deliberate trauma as for exam- 
ple during a surgical operation. The patient may also be 
suffering some other more persistent irritation as a re- 
sult, for example, of being confined to bed which can 
lead to bed sores. It is valuable for a medical practitioner 
to be able to tell in advance the type of treatment that 
would benefit the patient. 

[0003] It is well known, for example, that early detec- 
tion of tissues displaying pre-cancer or cancer modifi- 
cations is important for successful medical treatment. 
We have already disclosed an apparatus and method 
for carrying out this detection in patent application S. N. 
08/332,830 (abandoned, but issued as a continuation 
08/799,970 US Patent 5,800,350), assigned to the 
same assignee as the current invention. 
[0004] Between uses probes can be disinfected by 
soaking in a suitable solution. For many patients this 
procedure is not acceptable. They require that the probe 
has not previously been used on other patients for fear 
of cross-contamination and infection. This requirement 
can be achieved by equipping the probe with a discard- 
able, sterile sheath. Such an assembly must ensure that 
no part of the probe which is used on a patient could 
have come in contact with a previous patient. Sheaths 
that have been designed for other types of probes lack 
features that would make them suitable for use on a 
probe that performs both optical and electrical measure- 
ments while it is scanned over the surface of the cervix. 
For example ultrasonic probe sheaths would not be suit- 
able. In particular they do not have provision to make 
simultaneous optical and electrical measurements. The 
particular difficulties that have been overcome by this 
invention arise from the fact that both electrical and op- 
tical measurements are to be performed on the same 
area of tissue. It is therefore not feasible to install a sim- 
ple sheath such as a condom over the tip of the probe. 
Such a sheath may, for example, enable some optical 
measurements to be made but would prevent electrical 
contact being made with the tissue with the optically 
transparent cover in place. 



Summary of the Invention 

[0005] This difficulty is overcome in the present inven- 
tion by incorporating electrodes in the tip of the sheath. 
They are positioned relative to the optical window in 
such a way as to ensure that sealing of the sheath 
against the probe is not compromised by the presence 
of the electrodes. The electrodes are close to the optical 
window to ensure that both the optical and electrical 
measurements are made on the same area of tissue. 
[0006] A further difficulty that is overcome by this in- 
vention is the requirement that electrical contact is made 
in a reliable manner between the internal probe electri- 
cal connections and the electrodes in the sheath. Any 
failure of these connections during probing could lead 
to false readings with serious consequences to the pa- 
tient. Because the optical window has to be relatively 
thin and the electrodes are nearby, pressure exerted by 
a spring contact on the electrode has the potential to 
break the seal between the electrode and the window. 
The special configuration used in this invention avoids 
this danger by using the hoop tension in the sheath to 
apply the needed spring force to the electrode contact. 
[0007] In addition the invention provides a built-in cal- 
ibrator. This is achieved by attaching to the outside of 
the tip of the sheath a piece of turbid material such as 
a polymer of controlled composition. This material acts 
in the manner of the tissue to be measured in that it 
backscatters the light from the probe tip to a controlled 
degree. This enables the probe's computer to check the 
overall performance of the optical system thereby veri- 
fying that the probe and its sheath are performing opti- 
cally according to specifications and that the sheath has 
been correctly fitted. The piece of turbid material is re- 
moved prior to using the probe on a patient. 

Brief Description of the Drawings 

[0008] Figure 1 is an illustration, partly in section, of 
a sheath fitted to a hybrid type probe. 
[0009] Figure 2 is an illustration, partly in section, of 
the sheath alone. 

[0010] Figure 3 is an illustration in section of the 
sheath alone without electrodes fitted. 
[001 1] Figure 4 is an illustration of one form of an elec- 
trode capable of being fitted to the sheath of figure 3. 
[0012] Figure 5 is an end view of the sheath with elec- 
trodes fitted. 

[0013] Figure 6 is an illustration, partly in section, of 
so the hybrid probe without a sheath. 

[0014] Figure 7 is an illustration, partly in section, of 
a sheath fitted to a fibre type probe. 
[0015] Figure 8 is an illustration, partly in section, of 
another embodiment of the invention. 
55 [0016] Figure 9 is an illustration, partly in section, of 
a turbid calibrator fitted to the tip of a sheath. 
[0017] Figure 10 is an illustration in section of a 
groove in the probe. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0018] The sheath of the present invention does not 
hinderthe reading of the optical and electrical properties s 
of the tissue being determined at effectively the same 
place. Where more than one electrode is employed, the 
electrodes are essentially symmetrically positioned rel- 
ative to the optical system. 

[0019] The optical system for the probe may take one 
of several forms. The probe may employ hybrid opto- 
electronic systems that place the opto-electronics com- 
ponents at the tip of the probe or employ fibre optics for 
delivering the optical signal to and from the tissue. The 
invention is described for application to probes built by 
both methods. 

[0020] A detailed description of hybrid probes is con- 
tained in our copending application filed this same date 
entitled "Hybrid Probe For Tissue Type Recognition", 
serial number 08/81 8,91 2, US Patent 5,792,053. As ex- 
plained in that application, a hybrid probe is distin- 
guished by the avoidance of the use of optical fibers to 
convey illumination to and/or from the active portion of 
the probe. It is designed to examine areas of tissue hav- 
ing a diameter of the order of 2 mm, which requires that 
photodiode detectors be placed in close juxtaposition 
with light emitters yet optically isolated so that light sig- 
nals do not pass directly from an emitter to a detector 
without intervention (i.e. backscattering) by the tissue 
under examination. This is accomplished in the hybrid 
probe by the use of metal barriers. The metal barriers 
also shield the detector circuitry from electrical interfer- 
ence carried by current pulses that must be applied to 
the LEDs to induce them to emit light to illuminate the 
portion of the tissue being tested. The metal barrier may 
be left floating or grounded, but can also serve an addi- 
tional role as an electrode for making electrical meas- 
urements to replace or supplement the two or three no- 
ble metal electrodes adjacent to the hybrid circuit nor- 
mally used for the electrical measurements to be made 
on the tissue. 

[0021] In addition the hybrid structure has a preampli- 
fier in close proximity to the photodiodes to amplify the 
small current from the photodiode detectors and feed it 
to the electronics in the handle of the probe and from 
there to the analysis circuitry. 
[0022] Probes using optical fibers are temperature 
sensitive. This temperature sensitivity often occurs at 
bends in the fiber. It is often not practical to measure 
these temperatures so compensation is difficult to 
achieve. A change in temperature at the tip of the probe 
is likely to occur when the probe is brought into contact 
with the tissue of a warm blooded being. The hybrid 
probe overcomes the forms of temperature sensitivity 
arising from the fibers. The radiation output of LEDs is 
also temperature sensitive but for precise measure- 
ments can be compensated by using a characteristic of 
the LED to determine its own temperature. The bandgap 



potential of LEDs is a known function of temperature, 
allowing the temperature to be determined by applying 
a known current to the diode and measuring the poten- 
tial across it. This can then be used to correct for the 
output of the LED using established equations thereby 
compensating for the changed radiation emission 
caused by temperature changes. Further details are 
provided in the accompanying application mentioned 
above. 

[0023] Figure 1 shows how the invention is applied to 
a hybrid probe. The exterior sheath body l_ includes a 
thin transparent window 2 at its tip so that the optical 
measurements can be made. Adjacent to the window is 
shown one of the electrodes 3 used for making the elec- 
trical measurements. Electrical contact from the inner 
probe assembly is made via contact 4. The hybrid opto- 
electronics is situated in the area 5. Electrical signals to 
and from the opto-electronics are handled by the printed 
circuit board 6. 

[0024] The main body of the probe is contained within 
the electrostatic shield 7. 

[0025] The thickness of window 2 is constrained by 
the optical system: It is related to the thickness of the 
optical barrier 8. It is important that light from the emit- 
ting side of the hybrid assembly 5 cannot simply reflect 
off the outer surface of the window 2 back into the de- 
tecting side of the hybrid. If this occurs, the diagnostic 
ability of the device will be compromised. The light must 
travel via the tissue being measured. The relationship 
between the window thickness and the barrier thickness 
can be determined geometrically by projecting the light 
from the emitters on the radiation source side of the area 
5 past the edge of the barrier and onto the upper surface 
of the window. This light will reflect back at an equal an- 
gle and the barrier must be wide enough to prevent the 
light reflected from the upper surface of the window from 
reaching the detector side of the area 5. The light must 
pass via the tissue where it can assist with the diagnosis. 
[0026] The thickness of the barrier is in turn con- 
strained by the need to maintain adequate optical effi- 
ciency. A thick barrier necessitates that the light travels 
a long way between the emitters and the detector and 
is attenuated as it travels. To avoid having to make the 
barrier excessively thick the window 2 needs to be kept 
thin. 

[0027] Since the optical measurements may have to 
be made at high precision, the optical couplings be- 
tween the components of the system need to be reliable. 
To this end the inside of the sheath tip is wetted with a 
suitable liquid so that the optical coupling is enhanced. 
The liquid employed should not be volatile and may for 
example be a mineral oil. Alternatively glycerine may be 
used which has the advantage of being water-soluble 
and non-irritating to normal tissue should it come in con- 
tact with the operator's or patient's skin. A thixotropic 
mixture may also be employed, for example a dentifrice 
gel, particularly a pediatric gel or an optically clear hand 
cleaning gel. In this invention the gel at the tip of the 
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sheath will spread over the end window as the probe 
presses on it. 

[0028] During the process of fitting the sheath to the 
probe, air and excess liquid will need to escape. It is 
important therefore to include a groove in the body of 
the probe so that this can occur. Figure 10 illustrates 
how a groove 16 can be incorporated into a probe. 
[0029] Orientation is also important. The electrodes 
must line up with their corresponding contacts on the 
probe body. To this end the probe body and the sheath 
are fitted with guides that constrain the sheath to line up 
with the electrical contacts. Spiral grooves or various 
probe and sheath shapes such as a triangular cross- 
section can be employed for this purpose. 
[0030] A particularly critical feature of the embodi- 
ment illustrated in figure 1 is the region 9 on the tip of 
the sheath. This is a potential point of weakness that 
could endanger the patient unless the features illustrat- 
ed are included. It will be noted that the window 2 does 
not extend across to the electrode 3 but passes under 
the electrode. This feature provides the necessary 
strength and path length to avoid fracture of the join be- 
tween the plastic used to make the window and the met- 
al electrode. Should this join open, body fluids could en- 
ter and contaminate the probe body. Similar failure of 
another sheath could then lead to these contaminants 
leaving the probe and reaching a subsequent patient. 
[0031] Figure 2 shows the sheath without the probe 
present. The end view shows that kidney-shaped elec- 
trodes 3 can be used. These have the advantage of pro- 
viding a larger surface area without interfering with the 
optical measurements. Larger electrodes by their nature 
produce less noisy data because they are sampling a 
larger area of tissue which is naturally less variable than 
a smaller area. 

[0032] Figure 3 shows the sheath without electrodes 
fitted to indicate the form of plastic molding that could 
be used to make the sheath. Electrodes of the form 
shown in figure 4 would be fitted to this molding. An end 
view of the resulting sheath is shown in figure 5. Figure 
6 indicates the type of probe that is suited to the sheath 
described above. 

[0033] Figure 7 shows the sheath fitted to a probe em- 
ploying optical fibers to convey light to and from the tis- 
sue surface. Such a probe is disclosed in our copending 
patent application Serial Number 08/332,830, aban- 
doned, but issued as continuation 08/799,970, US Pat- 
ent 5,800,350, assigned to the present assignee. The 
component parts are similar to those described above, 
with a major difference being that the opto-electronics 
section is replaced by fibers 11_ held within a casing 12. 
In this embodiment the window needs to be thinner than 
in previously described embodiments since the fibers 
delivering the radiation to the tissue are adjacent to the 
detector Tiber. Since the performance of the device is 
adversely affected by radiation leaking directly from the 
emitter to the detector, the window needs to be of the 
order of 0.2 millimeter to avoid this problem. 



[0034] Figure 8 is another embodiment of the inven- 
tion. In this case the electrodes 3 are printed on the sur- 
face of the window 2 and extend down the wall of the 
cup 14 that forms the tip of the probe. Electrical contact 

s is achieved by coating the inside of the tube 1 with an 
electrical conductor 15. The electrical contacts 4 on the 
probe engages this coating and completes the circuit 
from the inside of the sheath to the electrodes 3 on the 
front window 2. 

10 [0035] Figure 9 shows how a turbid calibrator 10 is 
fitted to the sheath. Calibrators are described in greater 
detail in a co-pending application filed this date entitled 
"Apparatus For Checking The Calibration Of Optical 
Probes", serial number 08/819,107, US Patent 5, 852, 

is 494. As explained in that application, a probe may be 
calibrated by simply pressing the tip against a block of 
material of controlled characteristics. In this form of cal- 
ibrator a transparent elastomer is used into which has 
been incorporated a light-scattering material. The light- 

20 scattering material can be any one of a number of whit- 
eners such as titanium dioxide, barium sulphate, or 
magnesium oxide. The concentration of whitener is var- 
ied to suit the particular turbidity that is needed. The 
elastomer can be, for example, a polyurethane rubber 

2s or a silicone rubber. 

[0036] Elastomer calibrators may be assembled on 
the tip with the other components of the sheath and is 
removed after calibrating the system and before the 
probe is put into use. 

30 [0037] Another form of calibrator comprises a turbid 
elastomer on the face of which is placed a film of flexible 
polymer which is intended to simulate the structure of 
the material that is to be measured. The latter may for 
example be a layer of precancerous cells on cervical tis- 

35 sue. The layer of polymer film that is placed over the 
elastomer should have optical characteristics analo- 
gous to the material to be detected by the probe. In the 
case of cervical intra-epithelial neoplasia, the cervical 
tissue becomes covered with a layer of abnormal cells. 

40 A calibrator intended to check the performance of a de- 
vice that is to detect this layer of cells may provide more 
reliable diagnoses if it is calibrated in an environment 
equivalent to that pertaining during the diagnostic prob- 
ing, that is, by using a layered calibrator. 

45 [0038] A liquid film may be included between the tip 
of the sheath 1 and the piece of turbid material to ensure 
that the optical coupling is reliable. Immediately prior to 
using the probe the operator advises the controller to 
perform a calibration check. The controller is typically 

so programmed to refuse to function unless the calibration 
check is passed. The turbid calibrator 10 is then re- 
moved from the sheath exposing the face for application 
to the tissue to be examined. By performing these op- 
erations the danger of making erroneous measure- 

55 ments because the sheath is incorrectly fitted are avoid- 
ed. 

[0039] Provision has been made to ensure that the 
sheath is firmly secured in place after it has been fitted 
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to the probe. This is achieved by arranging for a part of 
the sheath to be of smaller diameter than the probe and 
for a corresponding indentation to be present in the 
probe so that the sheath slips into that indentation there- 
by locking the sheath in place and providing a force s 
which keeps the optical and electrical contacts secure 
while the probe is in use. A locking ring may also be 
employed. The locking devices are not illustrated. 
[0040] Although the invention has been described in 
terms of preferred embodiments its full scope is not so io 
limited. Accordingly the invention is defined by the prop- 
er legal scope of the following claims. 



Claims 15 

1 . A medical probe having electrical contacts (4) on a 
surface and shaped to ensure that a sheath (1) 
takes up a suitable orientation when mated with the 
probe wherein said electrical contacts (4) on the 20 
surface of the probe line up with corresponding con- 
tacts (3) on the inside of the sheath (1). 

2. A medical probe according to claim 1 , wherein the 
probe has a triangular cross section configured to 25 
mate with a sheath having a triangular cross sec- 
tion. 

3. A medical probe according to claim 1 , wherein the 
probe comprises guides configured to mate with a 30 
sheath having corresponding guides. 
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4. A medical probe according to claim 3, wherein the 
guides are spiral grooves. 

5. A medical probe that is equipped with a longitudinal 
groove (1 6) which allows entrapped air and excess 
liquid to escape when a sheath is slid over the 
probe. 
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